Following the diagnosis of Acanthamoeba keratitis in a contact lens wearer, the antimicrobial susceptibility of the clinical isolate and the environmental source of the infection were investigated. Contrary to previous reports, in vitro antimicrobial testing showed that the infecting strain was inherently resistant to propamidine isethionate. Restriction endonuclease digestion analysis of Acanthamoeba whole-cell DNA of strains isolated from the patient's cornea, contact lens storage container, saline rinsing solution, and kitchen cold-water tap showed that the isolates were identical. This implicates, for the first time, domestic tap water as the source of Acanthamoeba sp. in this infection. It is therefore recommended that the use of homemade saline solutions and the rinsing of contact lenses in tap water be strongly discouraged.
Acanthamoeba is a genus of small free-living amoebae characterized by a life cycle of active trophozoite and dormant cyst stages (21, 22) . The resistance of the cyst form to extremes of temperature (2, 9) , disinfection (5, 9, 13) , and desiccation (10) accounts for the isolation of the organism from virtually all soil and aquatic environments (21, 22) .
Acanthamoeba spp. are opportunistic pathogens of humans (15) . Infection of the cornea by Acanthamoeba spp. is increasingly being recognized as a severe sight-threatening ocular infection (8, 18) . Several hundred cases have been reported, with, in one report, 85% of 208 infections associated with contact lens wear (23) . Acanthamoeba spp. have been cultured from the lens storage solutions of symptomatic and asymptomatic patients (12, 17) . Poor hygiene practices, notably the preparation of homemade saline rinsing solutions and rinsing of lenses with tap water, have been identified as a major risk factor leading to infection in lens wearers (23, 24) .
Because the cyst form of Acanthamoeba infection is resistant to most antimicrobial agents at concentrations achievable in the cornea and tolerated by the ocular surface, treatment is exceedingly difficult. Prolonged medical therapy with antifungal agents or propamidine isethionate may yield a cure (28) or control the disease sufficiently to allow corneal transplantation a chance of success (4) .
The conventional method of diagnosis of Acanthamoeba keratitis is by culture of corneal biopsy material on nonnutrient agar seeded with a lawn of Escherichia coli (NNA-E. coli) (26) . Acanthamoeba spp. are readily identified by the morphological appearances of the trophozoite and cyst forms (21, 26) . In vitro susceptibility testing can be performed on Acanthamoeba spp. isolated by this method (3, 7, 19, 28) . The trophozoites can be adapted to axenic (bacteriafree) growth in liquid media and characterized by restriction endonuclease digestion of whole-cell DNA to detect restriction fragment length polymorphism (RFLPs) on agarose gel electrophoresis (16) . This technique is a highly specific means of differentiating morphologically identical Acanthamoeba strains isolated from keratitis cases and the environment (S. Kilvington (21) . Identification of the Naegleria isolates was confirmed by the ability of the trophozoites to transform into a highly motile but temporary flagellate phase when incubated at 30°C in distilled water (21) . Isolates did not grow above 37°C and were therefore identified as N. gruberi (21) . Acanthamoeba spp. were cultured from the patient's cornea, contact lens storage container, saline rinsing solution, and kitchen cold-water tap (one isolate). Cysts derived from clones of these isolates were morphologically identical by light microscopy and were typical of that described for A. polyphaga (21 Direct microscopic examination of the patient's hard contact lens also revealed the presence of cysts adhering to the lens surface (Fig. 1) .
In vitro drug susceptibility testing. The trophozoite and cyst in vitro antimicrobial assay results for the corneal strain are shown in Table 2 . The diamidine compounds, pentamidine isethionate, propamidine isethionate, and 2-hydroxystilbamidine isethionate, were most active against the trophozoites, with a MTAC at 48 h of c3.9 ,ug/ml. Paromomycin sulfate also showed good activity, with a MTAC of 15.6 ,ug/ml. In contrast, the cysts were found to be markedly more resistant, with MCCs for pentamidine isethionate, propamidine isethionate, 2-hydroxystilbamidine isethionate, and paromomycin sulfate of 31.25, 125, 250, 62.5 ,ugIml, respectively. Fluconazole, miconazole nitrate, spiramycin, neomycin sulfate, and polymyxin E showed little or no activity against either trophozoite or cyst. The MTIC, MTAC, and MCC results for propamidine isethionate, pentamidine isethionate, and neomycin sulfate were consistent on repeated testing. It was also noted that trophozoite encystment was induced by propamidine isethionate at both the MTIC and sub-MTIC of 1.95 and 0.98 p.g/ml, respectively. By counting the number of cysts in the test and control wells by using low-power microscopy of random fields, we determined that the MTIC and sub-MTIC wells contained 46.5 and 64% more cysts than the controls.
Restriction endonuclease digestion analysis. Restriction endonuclease digestion of Acanthamoeba whole-cell DNA with BglII, EcoRI, or HindIlI gave rise to prominent DNA bands on gel electrophoresis, enabling RFLPs to be detected (Fig. 2) . Isolates from the patient's cornea, contact lens storage container, saline rinsing solution, and kitchen coldwater tap showed identical RFLPs with respect to each endonuclease used. DISCUSSION Acanthamoeba keratitis is a severe sight-threatening infection particularly associated with contact lens wear (18, 24) . Propamidine isethionate, shown to have potent in vitro activity against Acanthamoeba strains (3, 7, 19, 28) , has been used to successfully treat infections (28). In the case described here, it was found that while the trophozoites were susceptible to 3.9 p.g of this agent per ml, the cysts were resistant to at least 62.5 ,ug/ml, which is well above values reported by other workers (3, 7, 19, 28) . As the strain was isolated prior to commencement of propamidine isethionate treatment, this suggests that drug-resistant strains of Acanthamoeba spp. exist which cause keratitis. This may account for the unsuccessful chemotherapeutic treatment of infections that necessitate surgical intervention (4, 27) .
As in other microbial infections, isolation and susceptibility testing therefore appear to be fundamental for Acanthamoeba diagnosis and therapy. The in vitro assay methods described here are simple to perform and reproducible and should be more widely available to clinicians. Although assays were performed with axenic cultures, testing can be accomplished in association with heat-killed E. coli (65°C for 20 min) by using trophozoites or cysts taken directly from NNA-E. coli plates. As was observed in this study, diamidine compounds like propamidine isethionate have been shown to stimulate Acanthamoeba encystment at inhibitory and subinhibitory concentrations (10; T. J. Byers, Rev. Infect. Dis., in press). This feature may undermine medical treatment and account for the intensive and prolonged therapy necessary to destroy the more resistant cyst forms.
Because pharmacological and surgical treatment of Acanthamoeba keratitis so frequently results in failure, prevention of this infection is important. The detection of RFLPs is a potent technique for differentiating morphologically identical Acanthamoeba strains (Kilvington, abstract presented). The demonstration here that strains from the patient's cornea, contact lens storage container, homemade saline rinsing solution, and kitchen cold-water tap shared common RFLPs implicates for the first time the last as the source of Acanthamoeba spp. in this infection. It is therefore recommended that the use of homemade saline solutions and the rinsing of lenses in tap water be strongly discouraged.
If Acanthamoeba keratitis is diagnosed early in disease, medical treatment may result in a cure. In this regard, clinicians must suspect Acanthamoeba infection in at-risk patients with suggestive clinical signs. Furthermore, microbiologists must be in a position to culture the organism from clinical material. This method of diagnosis has the advantage over histological methods of allowing susceptibility testing.
